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the carburized zone, as we pass through successive layers of this zone.
Characteristic variations in the hardness of a cemented and quenched piece
may depend on the variations in the concentration of the carbon in the
cemented zone as far as they are due to the manner of conducting the cemen-
tation and also on the manner in which the subsequent heat treatments of the
cemented piece have been conducted. The examination of the merely
cemented control test pieces can not alone suffice, therefore, to establish the
cause of a definite "distribution of the hardness" in the cemented zones of
objects subjected later to further heat treatment. Further heat treatments
may not only make the "distribution of the hardness" vary on account of the
fact that they exercise their action with different efficacy at different depths
in the mass of the steel, but also because their application, carried out under
definite conditions, may also cause the distribution of the carbon to vary,
within quite wide limits, in the cemented zones. This is caused especially
by the heat treatment favoring or hindering the processes of segregation
occurring during the cooling of the masses of steel of non-uniform composition.
It follows that it is necessary to complete the examination of the char-
acteristic properties of the successive layers of the cemented zones, carried
out on simply cemented control test pieces, by a similar examination of the
cemented and hardened zones.

In general, this examination also renders the piece on which it is carried
out useless, so that, if we except the cases just referred to, this examination
is made on test pieces cemented and hardened under conditions as similar
as possible to the treatment of those which it is desired to control.

In any case, it is necessary, first of all, to make a plane section normal to
the surface of the piece. This section, recognizing the hardness of the ce-
mented and quenched metal, can be made only by means of a disk of abrasive
material (for example, carborundum) revolving with a high velocity and
constantly fed with an abundant stream of cold water. This last precau-
tion is absolutely necessary to prevent the great heating from altering the
effects of the original thermal treatment to which the cemented piece was
subjected.

When deep cemented zones are dealt with (as, for example, those which
are obtained in ordinary ship armor) it is easy to control directly on the plane
section of the cemented zone the hardness of the steel of the various layers
by using center punches of a steel of definite composition, hardened and
tempered under well-defined and constant conditions. By always using
punches identical with each other, even in form, and always delivering the
blow of the hammer in the same way, the examination of the stamp left by
the punch on the plane surface of the cemented steel and that of the deforma-
tions or the fractures suffered at the same time by the point of the punch
permit of obtaining sufficiently approximate indications as to the mechanical
properties of the steels tested. These indications, however, have an exclu-

